The structure of the products obtained when generating quinazolinium-3-methylides in the absence of an activated alkyne has been investigated using X-ray diffraction and NOE experiments in high resolution NMR. All data are in agreement with a pyrrolo[1,2-c]quinazoline structure having aromatic and benzoyl substituents in positions 2 and 3 respectively, and a hydrogen in position 1, in contrast to previous assignments with hydrogen in position 3.
Introduction
Structural similarity to natural products exhibiting useful biological activity prompted the extensive investigation of synthesis, physicochemical and biological properties of N-bridgehead heterocyclic compounds. 1a-g In our previous studies, 2a-g we have reported new N-bridgehead heterocyclic compounds obtained via 1,3-dipolar cycloadditions of the corresponding cycloimmonium-ylides with activated alkynes. It is well known that 1,3-dipolar cycloaddition reactions, conducted in a sequential manner, are efficient approaches for the synthesis of new heterocyclic compounds, which are difficult to obtain otherwise. 3a-d The "classical" route to generate cycloimmonium-ylides includes the synthesis of intermediate quaternary salts by heating N-heteroaromatic compounds with α-halo carbonyl derivatives in chloroform or methanol and treatment of these intermediates with triethylamine or sodium hydroxide, in an appropriate solvent. 3a,4 Synthesis of pyrrolo[1,2-c]quinazoline derivatives has been an important topic for our group. [5] [6] [7] These derivatives have been synthesized in methanol by reacting the corresponding quinazolines with α-bromocarbonyl compounds followed by direct reaction of the intermediate quinazolinium salts 2 with electron-deficient alkynes in the presence of an epoxide as reaction solvent and acid scavenger. The reaction mechanism implies the in situ generation of quinazolinium-3-methylides and the dipolar addition of the activated alkynes, leading directly to pyrrolo[1,2-c]quinazoline derivatives. When we tried to isolate intermediate quinazolinium-3-methylides by performing the reactions in the absence of alkynes, we obtained instead pyrrolo[1,2-c]quinazolines. The same compounds were isolated as side products in the "classical" synthesis of pyrrolo[1,2-c]quinazoline derivatives by treating the corresponding quaternary salts 2 with activated alkynes or alkenes in the presence of triethylamine as acid acceptor. We obtained the same products also by heating the intermediate quinazolinium salts in benzene in the presence of an equimolar amount of triethylamine. Based on chemical and spectral data, we have assigned to all these compounds a 1,2-disubtituted pyrrolo[1,2-c]quinazoline 1a-h 6,7 structure (Scheme 1). 
Scheme 1
We have explained the formation of these compounds as the result of an inactivation process of the intermediate quinazolinium-3-methylide. 6 Two types of inactivation reactions are known for cycloimmonium-ylides. 3a Both are in fact simple dimerization processes. The first one is a simple [3+3] cycloaddition reaction of two molecules of cycloimmonium-ylides as 1,3-dipoles leading to pyrazine derivatives, [8] [9] [10] [11] [12] sometimes reversible. 8, 10 The second one implies carbene intermediates and leads to dimers with an ethylene double bond. 3a,13 While extending our work on the synthesis of pyrrolo[1,2-c]quinazolines of this type, we obtained the new inactivation compounds 3i,j by heating the corresponding quinazolinium salts in 1,2-epoxybutane (Scheme 2). Single crystal X-ray analysis of compound 3i revealed that the benzoyl group is located in position 3, not in position 1 as in previously reported structures. Based on this evidence, we felt that a re-examination of the structural assignments of the 1a-h compounds using advanced NMR techniques was imperative. Herein we report the revised structures of these inactivation compounds based on NOE experiments. The correct structures are 3a-h instead of 1a-h (Scheme 2).
Results and Discussion
The X-ray structure of the compound 3i A check of the planarity of the 13-membered tricyclic system showed that it is slightly bowed, with interplanar angles A^B 3.4(1)°, B^C 1.9(1)° and A^C 5.2(1)°. An intramolecular hydrogen bond C5-H⋅⋅⋅O23 (C⋅⋅⋅O 2.859(2) Å) partially stabilizes the molecular conformation. Steric interactions between the bulky substituents attached to C2 and C3 are minimised by their rotations around the respective bonds C2-C14 and C22-C24. The torsion angles describing the phenyl ring inclinations relative to the tricyclic mean plane are C3-C2-C14-C19, 43.5(2)° and C3-C22-C24-C25, 26.3(2)° respectively. Values for the molecular parameters of the tricyclic system in 3i compare very favourably with those in ethyl 3-(4-chlorobenzoyl)pyrrolo[1,2-c]quinazoline-1-carboxylate (i.e. with 1,3-substitution pattern) whose structure we reported recently. 17 Taking into account the data obtained from X-ray analysis of compound 3i, we decided to reexamine the structural assignments of the inactivation compounds obtained from quinazolinium-3-methylides by NMR techniques. Using high resolution NMR we have carefully investigated compounds 3a, 3e, 3f, 3i and 3j in order to find support for assigning unambiguously the structures for which X-ray data were not available.
In order to assign the position of the hydrogen atom in the five-membered ring of compounds 3, nuclear Overhauser effects (NOE) have been used to establish a space proximity relation between this proton and those in positions 10 and 5 of the quinazoline ring system. Also the discriminating power of the experiment had to be tested.
On irradiation of proton H-10 the NOE induced the enhancement of the H-1 and H-9 signals. When irradiating proton H-1, the only NOE result is the enhancement of the H-10 signal. On the other hand, irradiation of the H-5 proton has no effect on the H signal assigned as H-1. This lack of effect proves that the proton is not attached to the position 3 of the heterocycle and the overall experimental results allow the unambiguous assignment of benzoyl in position 3 and H in position 1 for all investigated compounds. The NOE arguments described above are exemplified below for the case of the compound 3e. The 1 H-NMR spectrum ( Figure 2a) shows distinct signals for all protons of interest: H-5 resonates at 10.05 ppm, H-10 at 8.10 ppm, H-9 at 7.65 ppm, H-1 at 7.11 ppm and H-2'/6' at 7.01 ppm.
Irradiation of proton H-10 leads to NOE enhancements for protons H-9 and H-1 (Figure 2b ). This strongly suggests that the hydrogen atom is linked to position 1 of the heterocycle. Irradiation of proton H-1 leads to NOE enhancement for signal H-10 (Figure 2c ), confirming the result of the previous NOE experiment. Irradiation of proton H-5 produces no effects in the spectrum (Figure 2e) .
The lack of NOE effects on irradiation of the H-5 proton supports a structure with no proton attached at position 3 of the heterocycle. One should note that there is an artefact in the spectrum presented in Figure 2d around 7.26 ppm. This artifact is due to the residual solvent peak (CHCl 3 ) but as can be seen, there is no effect on irradiation on any signal belonging to the analyzed compound. One more experiment is presented in Figure 2e as proof of the quality of the NOE experiments. In this experiment, irradiation of the H-2'/6' protons leads to NOE enhancement of the H-3'/5' signal. This latter experiment is only presented in order to prove the selectivity of the irradiation. In this experiment it is clear that the selectivity of the irradiation of the signal at 7.01 ppm (H-2'/6') is very good and does not affect the signal at 7.11 ppm (H-1). This latest experimental check supports the fact that the irradiation of the H-1 proton from the experiment presented in Figure 2c also produces selective NOE effects in the NMR spectrum. 
Irradiation of proton H-10 (2b). Irradiation of H-1 (2c). Irradiation of proton H-5 (2d). Irradiation of the H-2'/6' (2e).
The NOE behaviour also holds true for compound 3i. The most relevant proof for ring substitution is the same through space interaction between protons H-10 and H-1. Figure 3 presents the irradiation of proton H-10 leading to NOE enhancements for protons H-1 and H-9. 
Irradiation of proton H-10 (top).
The reaction mechanism probably involves a nucleophilic attack of the ylide carbanion on the carbon atom at the 4 position of the quinazolinium-3-methylide with the elimination of one equivalent of quinazoline (Scheme 3). 
Conclusions
The structures of inactivation products of quinazolinium-3-methylides have been investigated using X-ray diffraction and NOE experiments in high resolution NMR. All data are in agreement with a pyrrolo[1,2-c]quinazoline structure having substituents in positions 2 and 3 and a hydrogen in position 1, in contrast with previous data assigning hydrogen in position 3.
Acknowledgements
MRC thanks the University of Cape Town and the NRF for financial support.
Experimental Section
General Procedures. Compounds 3i and 3j were synthesized according to the procedure reported previously. 6, 7 Melting points were determined on a Boetius apparatus and are uncorrected. The IR spectra (in KBr) were recorded on a Nicolet Impact 410 spectrometer. The 1 H-and 13 C-NMR spectra were recorded at room temperature on a Bruker Avance DRX 400 spectrometer operating at 400.13 MHz for 1 H and 100.61 MHz for 13 C nuclei using TMS as internal standard. The NOE differential spectra (NOEDIFF) were recorded on degassed solutions by cycling the frequency on at least 3 points on each irradiated signal. Elemental analyses were determined on COSTECH Instruments EAS32 (Centre for Organic Chemistry, Spl. Independentei 202B, Bucharest 060023, Romania). Satisfactory microanalyses for all new compounds were obtained. Quinazoline, 2-bromo-2'-acetonaphthone, 2-bromo-3'-methoxyacetophenone and 1,2-epoxybutane are commercially available products (Aldrich). Melting points, yields, IR spectra and elemental analyses for compounds 3a, 3e and 3f have been presented previously. 
